Background: Abundant cross-sectional evidence links eveningness (a preference for later sleep-wake timing) and increased alcohol and drug use among adolescents and young adults. However, longitudinal studies are needed to examine whether eveningness is a risk factor for subsequent alcohol and drug use, particularly during adolescence, which is marked by parallel peaks in eveningness and risk for the onset of alcohol use disorders. This study examined whether eveningness and other sleep characteristics were associated with concurrent or subsequent substance involvement in a longitudinal study of adolescents.
A LINK BETWEEN sleep and involvement in alcohol and other drugs has long been recognized (Blank et al., 2015; Conroy and Arnedt, 2014; Johnson and Breslau, 2001) . Not only do sleep disturbance and chronic alcohol and drug use frequently co-occur, but preexisting sleep factors such as insomnia are a risk factor for the onset of alcohol and drug problems across child, adolescent, and adult samples (Breslau et al., 1996; Hasler et al., 2014a Hasler et al., , 2016b Mike et al., 2016; Pieters et al., 2015; Wong et al., 2004 Wong et al., , 2010 Wong et al., , 2015b . Notably, although a burgeoning literature demonstrates consistent cross-sectional associations between a tendency toward an evening circadian preference (i.e., eveningness, or preferred later sleep-wake timing) and the use of alcohol and other drugs (Gau et al., 2007; Giannotti et al., 2002; Negriff et al., 2011; Pieters et al., 2010; Urban et al., 2011) , few studies have examined whether eveningness is a prospective risk factor for future alcohol and other drug involvement, including both use and problems. A better understanding of the longitudinal associations between eveningness and alcohol involvement is particularly needed during adolescence, when there are parallel increases in eveningness (Randler, 2011; Roenneberg et al., 2004) and risk for the onset of alcohol use disorders (Brown et al., 2008) .
Most longitudinal studies have focused on sleep problems such as insomnia, hypersomnia, or insufficient sleep (based on short sleep duration or daytime sleepiness) and alcoholand marijuana-related substance outcomes. Other sleep measures have included sleep quality (tapping the construct of sleep disturbance more broadly) and variability in sleep timing or duration. Specific substance outcomes have varied, most often focusing on use (frequency and outcome over varying time frames), and less frequently focusing on substance-related problems (including symptoms or diagnoses) or the age of onset of use, intoxication, and/or diagnosis. In adolescent samples, insomnia-type complaints (broadly defined) and shorter sleep duration most consistently predict alcohol and/or marijuana involvement at follow-up (Hasler et al., 2014a; Mike et al., 2016; Wong et al., 2015b) , although at least 1 large (n = 4,494) longitudinal study reported null findings based on an insomnia diagnosis (Roane and Taylor, 2008) .
Longitudinal evidence of associations between eveningness preference or actual sleep timing and alcohol/drug-related outcomes remains limited, although abundant cross-sectional findings exist (Gau et al., 2007; Giannotti et al., 2002; Negriff et al., 2011; Pieters et al., 2010; Urban et al., 2011) . Indeed, to our knowledge, only 1 published study has examined whether eveningness predicts later alcohol and drug involvement. Of 942 undergraduates (age 17 to 25 years) examined, greater eveningness predicted higher substance use 1 to 2 years later (Tavernier et al., 2015) . Eveningness was assessed with 2 yes/no questions, and substance use was a composite measure of alcohol and marijuana use. Although that study suggests that eveningness may be a risk factor for alcohol and other drug involvement, evidence is lacking on earlier adolescence when eveningness tendencies start increasing (Hagenauer et al., 2009) . Furthermore, the use of a composite measure of substance use precludes examining specific and potentially differential associations between eveningness (or other sleep variables) and alcohol or marijuana involvement.
In this study, we tested links between sleep and adolescent initiation and use of alcohol and marijuana in 3 key ways. First, we examined both cross-sectional and longitudinal associations between eveningness and substance involvement outcomes, making ours the first such longitudinal examination to include early and middle adolescence when eveningness is increasing. Second, in addition to considering eveningness, a preference measure that may or may not reflect actual sleep behavior, we examined self-reported actual sleep timing across both weekdays and weekends, including whether weekday-weekend delays in sleep timing are associated with substance involvement. Third, although our primary focus was on eveningness and sleep timing, our study included the most comprehensive range of sleep factors to date in a study of adolescent substance involvement, additionally assessing sleep quality, daytime sleepiness, and weekday/weekend sleep duration. Furthermore, we selected 3 distinct substance outcomes to elucidate potentially disparate associations between selected sleep characteristics and at-risk alcohol use, binge alcohol use, and/or marijuana use. To address these questions, we used data collected from the National Consortium on Alcohol and Neurodevelopment in Adolescence (NCANDA) study, an ongoing accelerated longitudinal study of adolescents, age 12 to 21 years, designed to disentangle associations between alcohol use and neurobiological and neurocognitive development. We hypothesized that greater eveningness, later sleep timing, greater weekdayweekend delays in sleep timing, shorter sleep duration, worse sleep quality, and greater daytime sleepiness would show concurrent and prospective associations with alcohol and marijuana involvement.
MATERIALS AND METHODS

Participants
A total of 831 participants, aged 12.0 to 21.9 years, were recruited across the 5 NCANDA data collection sites: Duke University, University of Pittsburgh School of Medicine, Oregon Health & Science University (OHSU), University of California San Diego (UCSD), and SRI International. The Institutional Review Board at each site approved the study. All adult participants provided written informed consent, and all children provided written assent along with consent from a parent/legal guardian.
For details regarding recruitment, the full assessment protocol, study design, and data management of NCANDA, see Brown and colleagues (2015) . The present data are based on the baseline and 1-year assessments of the longitudinal study. Each site endeavored to represent local racial/ethnic distributions, include equal sex proportions in each age group, and to preferentially recruit youth at greater risk for heavy drinking in order to comprise approximately 50% of the sample. The protocol preferentially recruited participants with limited exposure to alcohol or other drugs at baseline; 83% of the full sample had no-to-low exposure (as described in Brown et al., 2015) . The present analyses included 729 participants with complete baseline data on circadian preference, alcohol use, and the relevant covariates, including age, sex, race, ethnicity, and parental socioeconomic status (SES). Parental SES was determined based on a combination of parent education and income. Participants were excluded from the original sample of 831 for missing SES data (n = 91), with 11 additional participants excluded for missing substance use (n = 9) or sleep data (n = 6). These excluded participants reported higher at-risk and binge alcohol use, were more likely to use marijuana, and had later weekday and weekend bedtimes and later weekday rise times. In the present sample (n = 729), 85% (n = 623) at baseline met alcohol and drug use criteria for no-tolow exposure. Given the extremely low prevalence of nicotine use (weekly use at baseline: n = 16 [2.2%]; follow-up: n = 29 [3.8%]) or drugs other than alcohol or marijuana (lifetime use of other drugs at baseline: n = 27 [3.2%]; follow-up: n = 45 [5.9%]), we did not include these variables in the present analyses.
Measures
Substance Use. Past and recent alcohol and other substance use was determined by the Customary Drinking and Drug Use Record (CDDR; Brown et al., 1998) . The measure includes items on alcohol and marijuana use, including use frequency in the past year, and the maximum number of drinks in a drinking episode during the past year.
At-Risk Alcohol Use-Alcohol use frequency, defined by days in the past year, has been found to useful for identifying at-risk alcohol use patterns among adolescents (e.g., Chung et al., 2012; Clark et al., 2016) . Here, using data from the CDDR, we defined participants as having high, moderate, or low risk levels for alcohol use patterns according to the recommendations of the National Institute on Alcohol Abuse and Alcoholism's (2011 Binge Alcohol Use-While the traditional definition of a drinking binge has typically been applied across development, binge definitions based on estimated blood alcohol concentrations (eBACs) have been developed that are more appropriate for younger teens (Donovan, 2009) . Using the "lifetime greatest number of drinks" response, the eBAC binge thresholds were calculated as follows: ages ≤13 years: ≥3 drinks; 14 or 15 years: ≥4 for male, ≥3 for female participants; 16 or 17 years: ≥5 for male, ≥3 for female participants. Heavy binge levels were defined as double and extreme binge levels were triple the initial age-based binge levels (Patrick, 2016) .
Past-Year Marijuana Use-Given the highly skewed distribution of the marijuana use data, a dichotomous (yes/no) variable was created from the relevant CDDR item based on any endorsement of marijuana use in the past year.
Sleep. Sleep characteristics were assessed through several measures, as follows. Circadian preference was assessed using an abbreviated 4-item version (CSM-4) of the Composite Scale of Morningness (CSM; Smith et al., 1989) . These items were selected to capture theoretically important constructs, including preferred rise and bedtimes (#1 and 2 from the original scale), difficulty rising in the morning (#3), and self-identification of a morning versus evening type (#9). The possible CSM-4 score ranges from 4 to 18, with higher scores indicating greater morningness. This abbreviated scale correlated strongly (r = 0.89) with the full CSM in a subsample (n = 284) from 2 sites (Pittsburgh and SRI) that completed both. Internal consistency of the CSM-4 was adequate (a = 0.64) given the expected deflation due to the small number of items (on the full CSM, a = 0.83). Sleep quality was assessed using a single item ("During the past month, how would you rate your sleep quality overall?") drawn from the Pittsburgh Sleep Quality Index ((PSQI; Buysse et al., 1989) . Response options ranged from 1 to 4 in this order: "very good," "fairly good," "fairly bad," and "very bad." The sleep quality item correlated strongly (r = 0.71) with the full PSQI in the Pittsburgh-SRI subsample. Daytime sleepiness was assessed using an abbreviated 5-item version (CASQ-5) of the Cleveland Adolescent Sleepiness Questionnaire (CASQ; Spilsbury et al., 2007) . The items assess whether participants ever fall asleep during different parts of the school day (e.g., morning classes, afternoon classes; items #1, 3, 6, 15 from the full CASQ) or feel tired during the school day (#2), with response options ranging from "never" to "almost every day." The possible CASQ-5 score ranges from 5 to 23, with higher scores indicating greater daytime sleepiness. The CASQ-5 correlated strongly (r = 0.75) with the full CASQ in the Pittsburgh-SRI subsample. Internal consistency on the CASQ-5 was acceptable (a = 0.71). Finally, habitual sleep timing (bedtime and rise time) and sleep duration were assessed separately for weekdays and weekends, and weekday-weekend shifts in sleep timing (weekend minus weekday) were calculated separately for bedtime and rise time. Specifically, participants were asked a series of 4 questions drawn from the Sleep Timing Questionnaire (Monk et al., 2003) about when they "normally sleep," assessing "good nighttime" (defined as the time when they are finally in bed and trying to fall asleep) and "good morning time" (defined as the time at which they finally get out of bed and start their day) on "school or work days" and "days off (e.g., weekends)." Sleep duration was calculated as the difference between good nighttime and good morning time.
Psychiatric Symptoms. Psychiatric symptoms were assessed using the broadband Internalizing and Externalizing scales from the baseline administration of the Achenbach System of Empirically Based Assessments (ASEBA; Rescorla, 2001, 2003) , which were completed by each participant and a parent. Participants aged 12 to 17 completed the Youth Self-Report, and participants over age 18 completed the Adult Self-Report; parents of participants aged 12 to 17 also completed the Child Behavior Checklist. Normalized t-scores were calculated based on age and sex, and the maximum t-score among the measures was used for each participant.
Data Analyses
Test results were uploaded into the software platform Scalable Informatics for Biomedical Imaging Studies (SIBIS, sibis.sri.com) at SRI International. The longitudinal data used in this manuscript were organized via a formal, locked data release (NCANDA_RE-LEASE_00001_V01), which was previously described in Sullivan and colleagues (2017) . Additional information about the NCANDA Data Management System has been published elsewhere (Nichols and Pohl, 2015; Rohlfing et al., 2014) . Associations between baseline sleep variables and the 3 categorical substance measures were examined using ordinal regression (at-risk alcohol use, binge alcohol use) or logistic regression (past-year marijuana use). We initially included baseline age, sex, race, and parental SES as covariates. 1 We added psychiatric problems as an additional covariate in a second set of analyses. Ordinal and logistic regression analyses were conducted in SAS 9.4 (2014) all other analyses were conducted in SPSS v24 (IBM Corp, 2016) . When examining associations between baseline sleep and the substance outcomes at the 1-year follow-up, the baseline values for the substance variables were additionally included as covariates. Prior to performing the ordinal regression analyses, assessment of the proportional odds assumption was performed using the score test and graphical assessment of proportional odds. Given the number of analyses, the Holm-Sidak method was applied to correct for multiple comparisons.
RESULTS
Sample Characteristics
Participants ranged in age between 12 and 21 years at baseline, with nearly equal distribution of the sexes (Table 1) . Participants were predominantly white and non-Hispanic 1 Given site differences in weekend bedtimes as well as bedtime and rise time delays, we also considered site as an additional covariate in the respective analyses. However, including site had no perceptible effect on the findings, and thus, we left it out of the final models for the sake of parsimony. and were relatively evenly divided among low, medium, and high categories of parental SES. Internalizing and externalizing symptoms were in the nonclinical range (t-score < 60) on average. Frequency of alcohol use, alcohol binges, and marijuana use was all low on average (<3 days in the past year), but ranged upward of 137 days of alcohol use/binges and nearly daily marijuana use. On average, participants reported circadian preferences in the direction of eveningness, sleep quality in the direction of better sleep quality, and relatively low daytime sleepiness. Compared with weekdays, participants reported weekend bed and rise times that were later (delayed), and sleep durations that were longer.
Sleep and Demographic Characteristics
Male and female participants did not differ on any of the baseline sleep variables, although there was a trend (p = 0.079) toward better sleep quality among the girls and young women. Age correlated with nearly all of the sleep variables, with older age associated with worse sleep quality (r = 0.13, p < 0.001), greater eveningness (r = À0.16, p < 0.001), greater daytime sleepiness (r = 0.21, p < 0.001), later weekday and weekend bedtimes (r = 0.54 and r = 0.42, both p < 0.001), later weekday and weekend rise times (r = 0.19, p < 0.001; r = 0.09; p = 0.01), and shorter weekday and weekend sleep durations (both r = À0.32, p < 0.001). Several sleep variables differed across SES categories, including daytime sleepiness, F(2, 726) = 7.47, p = 0.001, weekend bedtime, F(2, 726) = 6.39, weekend rise time, F(2, 726) = 3.14, p = 0.044, weekend bedtime delays, F(2, 726) = 14.91, p < 0.001, and weekend rise time delays, F(3, 726) = 4.55, p = 0.011. Based on post hoc comparisons (Tukey HSD), low SES was associated with greater daytime sleepiness, later weekend bedtime, and larger weekend delays (bedtime and rise time) than either medium or high SES. Low SES was also associated with later weekend rise times than high SES. Racial differences were observed only for weekend bedtimes, F(3, 725) = 9.80, p < 0.001, weekday rise times, F(3, 725) = 4.64, p = 0.003, weekend rise times, F(3, 725) = 5.80, p = 0.001, weekend bedtime delays, F(3, 725) = 17.81, p < 0.001, and weekend rise time delays, F(3, 725) = 11.99, p < 0.001.
Based on post hoc comparisons, African Americans had later weekend bedtimes, earlier weekday rise times, later weekend rise times, and larger weekend delays in bedtime and rise time relative to Caucasian participants, as well as earlier weekday rise times and larger weekend delays in bedtime rise time relative to Asian American participants. Hispanic participants reported worse sleep quality, t = 2.21, p = 0.027, and greater daytime sleepiness, t = 2.81, p = 0.005, than non-Hispanic participants.
A few baseline sleep differences emerged across sites, including weekend bedtimes, F(4, 724) = 4.79, p = 0.001, as well as weekend delays in bedtime, F(4, 724) = 4.71, p = 0.001, and rise time, F(4, 724) = 3.53, p = 0.007. Based on post hoc comparisons, participants at the Pittsburgh site had later weekend bedtimes than those at SRI, OHSU, and UCSD, participants at both Pittsburgh and Duke had larger weekend delays in bedtime than participants at SRI, and participants at Duke had larger weekend delays in rise time than participants at OHSU.
Baseline Sleep and Substance Associations
After adjusting for sociodemographic variables, greater eveningness was associated with greater baseline substance involvement on all 3 categorical substance measures (Table 2A-C; Fig. 1A-C) . Weekday and weekend bedtimes showed a similar pattern, with later times associated with greater substance involvement, although only weekend bedtimes were associated with marijuana use. Weekend rise times were also associated with at-risk alcohol use. Worse sleep quality was associated with higher at-risk alcohol use and heavier binge alcohol use, but did not show a statistically significant association with marijuana use. Daytime sleepiness, weekday/weekend sleep duration, and weekend bedtime/rise time delays were all unrelated to baseline substance involvement. Regarding covariates in the cross-sectional models, increasing age was consistently associated with greater substance involvement across all models, male sex was associated with a greater likelihood of marijuana use, and higher parental SES was associated with heavier binge alcohol use.
Including internalizing and externalizing symptoms as additional covariates tended to have only marginal effects on the odds ratios, but also tended to increase p-values above the statistical threshold corrected for multiple comparisons. Eveningness maintained a positive association with greater baseline substance involvement on all 3 categorical substance measures. In addition, lower sleep quality and later weekend bedtimes were both associated with heavier binge alcohol use. No other associations met criteria for the corrected statistical threshold. Across all models, greater internalizing and externalizing symptoms were consistently associated with worse substance outcomes.
Baseline Sleep Predicting Substance Involvement at the 1-Year Follow-Up
After adjusting for sociodemographic variables and baseline substance involvement, greater baseline eveningness predicted heavier binge alcohol use and a greater likelihood of using marijuana, but not at-risk alcohol use, at the 1-year follow-up assessment (Table 3A-C; Fig. 1A-C) . As they did at baseline, weekday and weekend bedtimes showed a parallel pattern to eveningness, with later bedtimes at baseline associated with heavier binge alcohol use and a greater likelihood of using marijuana at 1-year follow-up. Shorter weekday (but not weekend) sleep durations at baseline predicted both heavier binge alcohol use and a greater likelihood of using marijuana at 1-year follow-up. Worse baseline sleep quality predicted a greater likelihood of using marijuana at the 1-year follow-up, but was not predictive of at-risk alcohol use or binge alcohol use. Baseline daytime sleepiness, rise times, weekend sleep duration, and weekend delays were all unrelated to substance involvement at the 1-year follow-up. Regarding covariates in the longitudinal models, increasing age and baseline substance involvement were both associated with greater substance involvement across all models, male sex was associated with a greater likelihood of marijuana use, and higher parental SES was associated with greater atrisk alcohol use and heavier binge alcohol use.
Paralleling the baseline analyses, including internalizing and externalizing symptoms as additional covariates tended to have only marginal effects on the odds ratios for the 1-year outcomes, but also tended to increase p-values above the statistical threshold corrected for multiple comparisons. Greater eveningness, later weekday bedtimes, and shorter weekend sleep duration at baseline all predicted heavier binge alcohol use at the 1-year follow-up assessment. Furthermore, poorer sleep quality and shorter weekday sleep durations at baseline each predicted a greater likelihood of using marijuana at the 1-year follow-up. No other associations met criteria for the corrected statistical threshold. In these models, greater internalizing and externalizing symptoms predicted heavier binge alcohol use and a greater likelihood of marijuana at the 1-year follow-up but not greater at-risk alcohol use.
DISCUSSION
The present findings extend a burgeoning literature on circadian preference and substance use, showing that eveningness during adolescence is not only cross-sectionally associated with greater involvement in alcohol and marijuana, but also predicts escalations in substance involvement a year later. Notably, eveningness predicted both greater binge alcohol use, a risk factor for alcohol problems, and a higher likelihood of marijuana use. In parallel to the eveningness preference findings, later actual sleep timing (weekday and weekend bedtimes) also showed both cross-sectional and longitudinal associations with binge alcohol use and marijuana use. Somewhat in contrast to expectations and the prior literature, sleep duration showed more circumscribed associations with substance involvement; no cross-sectional associations emerged, and only shorter weekday sleep duration predicted binge alcohol use and marijuana use. Finally, worse sleep quality showed a limited span of associations with substance involvement, including predicting marijuana use at follow-up. The associations between eveningness and substance involvement persisted after accounting for baseline psychiatric symptoms. Taken together, our findings suggest that both preferred and actual sleep timing may be more consistently linked to substance involvement than are other sleep characteristics, and are thus due greater consideration when assessing risk and planning treatment. These results are particularly salient during adolescence, when eveningness peaks (Randler, 2011; Roenneberg et al., 2004) .
Among an array of sleep characteristics, eveningness and later weekday/weekend bedtimes showed the most consistent links to greater alcohol and marijuana use, both cross-sectionally and longitudinally. These findings extend a literature on eveningness that was primarily based on cross-sectional data, with only 1 prior published paper reporting a longitudinal association between eveningness and substance use (alcohol and marijuana) over a 1-to 2-year span in a sample of 17-to 25-year-old undergraduates (Tavernier et al., 2015) . The present data indicate that eveningness and later sleep timing are predictors of substance involvement among a wider age range including young adolescents. Our findings have several other implications. First, the longitudinal associations suggest that the link between later sleep timing and greater substance involvement is not simply a consequence of staying up late to engage in substance use. Indeed, shifts toward an eveningness preference and delayed sleep/circadian begin during puberty, and typically prior to regular substance use (Hagenauer et al., 2009) . Next, the fact that we observed a parallel pattern for "actual" later bedtimes, not just eveningness preference, suggests that association is not simply a reflection of the nonsleep/circadian constructs tapped by the CSM questionnaire. That is, a "morning affect" factor has been identified in the CSM that is based on items devoid of specific time frames (Caci et al., 2005) , and thus could arguably drive some previously reported associations between eveningness and depression or substance use. Another implication can be drawn from our finding is that it was bedtimes, not waketimes, that were consistently associated with the substance outcomes, which could be explained by the fact that adolescents tend to have less volitional control over rise times due to other obligations, particularly on weekdays when school or work is in session, and thus, rise times in this context may be less likely to represent individual tendencies.
The mechanism by which eveningness and later sleep timing lead to greater substance involvement remains an open question and an area of ongoing research (Hasler and Clark, 2013) . One popular explanation is so-called social jetlag, in which a mismatch between a tendency for later sleep timing and the early schedules imposed by work or school obligations leads to chronic circadian misalignment and sleep loss. Social jet lag is typically characterized by delays in weekend versus weekday sleep timing, and indeed, others have linked it to wide-ranging negative outcomes such as smoking, alcohol use, depression, and cardiometabolic risk (O'Brien and Mindell, 2005; Pasch et al., 2010; Wittmann et al., 2006; Wong et al., 2015a) , as well as to potential mechanistic indicators such as an altered neural response to monetary rewards (Hasler et al., 2012) . Interestingly, we did not see any statistically significant associations between weekend delays in bedtime or rise time and our substance outcomes. This finding is consistent with the other study reporting a prospective eveningness-substance involvement association; they found no such association using their social jetlag variable (Tavernier et al., 2015) . However, others have asserted that social jetlag can only be properly assessed by comparing timing on work/school days to timing on free days, when individuals can wake spontaneously without the use of an alarm or other means, and thus, the weekday-weekend comparison is an imperfect one. Other putative mechanisms are plausible. Eveningness has also been linked to increased impulsivity, sensation-seeking, and altered reward-related brain function Kang et al., 2015; Russo et al., 2012) , all of which have been linked in turn to alcohol and marijuana involvement Littlefield et al., 2016; MacPherson et al., 2010) . As more follow-up assessments are completed in the NCANDA study, it will be useful to examine whether changes in impulsivity, risk-taking, or brain function mediate the sleep-substance associations.
We found more limited associations between sleep duration and the substance outcomes, and none with daytime sleepiness. Specifically, shorter weekday, not weekend, sleep durations predicted greater alcohol binge use and a higher likelihood of marijuana use at follow-up. We speculate that constrained sleep during the school week may take a toll, leading to impulsivity and/or increased reward sensitivity over time. The lack of further associations between sleep duration and substance outcomes is somewhat surprising given prior studies in adolescent samples, which have reported both concurrent and prospective associations between shorter sleep duration and increased alcohol and marijuana involvement (Mike et al., 2016; Pasch et al., 2010 Pasch et al., , 2012 . Notably, at least 1 study (in middle age adult women) found a curvilinear association with alcohol use, such that both abstainers and heavy drinkers reported long sleep (Patel et al., 2006) . However, we did not observe any evidence of a U-shaped curve; instead, sleep durations consistently trended toward shorter with increasing degrees of substance involvement but with substantial between-participant variability that precluded a statistically significant association. With regard to the lack of associations with daytime sleepiness, we speculate that adolescents are more likely to turn to stimulants when suffering from sleep debt and excessive daytime sleepiness, rather than consuming alcohol, which has been shown to exacerbate daytime sleepiness (Roehrs and Roth, 2001) . Future studies in this area should also consider energy drink use, which is associated with later sleep timing and various sleep problems among adolescents (Troxel et al., 2016) , and which not only is used in conjunction with alcohol but may be a risk factor for increasing alcohol use (Choi et al., 2016) .
Sleep quality was also cross-sectionally associated with risky alcohol use and alcohol binges, as well as longitudinally with marijuana use. This extends prior work linking sleep quality to concurrent binge alcohol use and alcohol problems in undergraduates (Kenney et al., 2012) . Although the literature on sleep and marijuana among adolescents remains limited, the adult literature suggests that sleep quality is worse among adult marijuana users (Conroy et al., 2016) and that poor sleep quality is a risk factor among adult military veterans for lapses during attempts to abstain from marijuana use (Babson et al., 2013) . Although the present links with sleep quality were less pervasive than for eveningness and sleep timing, our findings suggest that sleep quality remains an important construct to assess in the context of prevention of adolescent substance involvement. Notably, we assessed sleep quality with a single item drawn from the PSQI, and thus, it should be highly feasible to include during brief risk assessments in clinical settings.
Including psychiatric symptoms (internalizing and externalizing) in the model had small but notable impact on the pattern of results. Many of the p-values for our sleep characteristics remained significant at a conventional level, but some did increase above our strict statistical threshold corrected for multiple comparisons. While the odds ratios of eveningness predicting alcohol and marijuana use remained essentially the same, other odds ratios (e.g., baseline sleep quality predicting marijuana use at the 1-year follow-up) showed small attenuations. Such attenuations suggest that psychiatric problems may partly account for some sleep-substance associations, which is not surprising given evidence that sleep and circadian rhythms impact affective and motivational processes, such as impulsivity, reward function, and negative affect (reviewed in Hasler et al., 2014b) , which have been linked in turn to substance involvement (e.g., Littlefield et al., 2014; Sher and Grekin, 2007) . Further research, including experimental designs, is needed to elucidate the causal mechanisms linking various sleep characteristics to specific alcohol and drug outcomes.
We should note several limitations in the present analyses. First, we relied on self-reports of circadian preference and other sleep characteristics, which may be subject to issues of bias or shared method variance, rather than objective measures of sleep or circadian timing, such as wrist actigraphy or salivary melatonin. Polysomnographic (PSG) sleep measures are included in a laboratory study of a subset of NCANDA participants (Baker et al., 2016) , and follow-up studies should examine the correspondence between circadian preference and PSG-based sleep measures. Also, our abbreviated scales were drawn from well-validated questionnaires, but have not undergone the same degree of psychometric testing (although, as noted, the abbreviated measures correlated strongly with the full measures in a subsample that completed both). Another limitation is that substance use was limited in both scope and degree in the NCANDA sample by design at baseline. It will be important to reexamine these associations at future follow-up assessments as a larger portion of the sample initiates or escalates substance involvement. Further, the participants excluded from the present analyses (due to missing data) tended to use more substances and have later timing; consequently, the restricted range on these variables may have limited our ability to detect associations, thereby biasing the sample and increasing the likelihood of type II errors. Finally, our study did not assess patterns of caffeine use, which may be an important consideration in future studies given increasing use of energy drinks and evidence that caffeine use is associated with both sleep disturbances (Bonnar and Gradisar, 2015) and use of alcohol and other drugs (Arria et al., 2010; Choi et al., 2016 ).
In conclusion, we report that eveningness and later bedtimes in a representative sample of adolescents are both concurrently and prospectively associated with heavier binge alcohol use and a greater likelihood of marijuana use. In conjunction with the sole other study reporting a longitudinal association between eveningness and substance involvement, these findings underscore the need for greater attention to sleep timing as a potentially modifiable risk factor for adolescent alcohol and marijuana problems. Data in adult samples suggest that eveningness is modifiable with both behavioral and pharmacological treatment (Corruble et al., 2014; Hasler et al., 2016a; Natale et al., 2008) . Sleep and endogenous circadian timing respond to chronotherapeutic interventions such as sleep scheduling, bright light, and melatonin (e.g., Emens and Burgess, 2015) . Such treatments have demonstrated efficacy for adolescents with delayed sleep phase (e.g., Gradisar et al., 2014) and thus may be useful in the context of preventing or treating adolescent substance problems. Although sleep quality and sleep duration showed more limited associations with the substance outcomes in the present sample, the larger literature supports continued attention to these sleep characteristics as well. In particular, that shorter weekday sleep duration predicted later substance involvement is consistent with a host of data suggesting that early school start times are detrimental to the adolescent health (Minges and Redeker, 2016) . As reviewed in detail elsewhere (Hasler et al., 2014b) , we speculate that circadian misalignment (i.e., social jet lag) may underlie a range of sleep disturbances, including lower sleep quality and shorter weekday sleep duration, suggesting that policy-level interventions to delay school start times are worth consideration. In summary, our findings indicate that eveningness and sleep timing, along with other sleep characteristics, are under recognized risk factors and potential future areas of intervention for adolescent substance involvement.
